Vitellogenin (Vg), a major estrogen-inducible yolk precursor protein, has become an important biomarker for assessing the estrogenic potency of chemicals and the exposure of animals to estrogenic contaminants present in aquatic environments. These contaminants, which can disrupt functioning of the vertebrate neuroendocrine system, are 
Introduction
It is now known that many chemical compounds produced over the last century have the potential to affect the vertebrate neuroendocrine system, which regulates vital processes including development, growth, metabolism, and reproduction. Over the past decade, research on the identification and effects of such chemicals has become a major component of environmental toxicology and has captured public attention. Generally, chemicals that either mimic or antagonize the actions of naturally occurring hormones are termed endocrine disrupters or endocrine disrupting chemicals (EDCs). These include estrogenic EDCs (environmental estrogens), substances that elicit an estrogenic response by mimicking the action of endogenous estradiol-17β (E 2 ). Examples of estrogenic EDCs include biodegradation products of alkylphenol polyethoxylates, polychlorinated biphenyls (PCBs), and pesticides (e.g., dichlorodiphenyltrichloroethane [DDT] , chlordecone, and methoxychlor), as well as synthetic estrogens such as ethinylestradiol (EE 2 ) and diethylstilbestrol (DES) (reviews: Sumpter, 1997; Arcand-Hoy and Benson, 1998; Giesy and Snyder, 1998; Kime et al, 1999; Pait and Nelson, 2002; Arukwe and Goksøyr, 2003; Daston et al., 2003; Marin and Matozzo, 2004; Hiramatsu et al., 2005) .
Measurements of estrogen-regulated proteins are often used in bioassays of animal exposure to estrogenic EDCs. The yolk precursor protein, vitellogenin (Vg), has been used most frequently for such assessments. The following characteristics make Vg a functional biomarker for exposure of fishes to estrogenic EDCs in aquatic environments (Palmer and Selcer, 1996; Tyler et al., 1996; Hiramatsu et al., 2005) : 1) fishes have been used extensively in field studies of EDCs and aquatic health; 2) induction of vitellogenesis is a specific physiological response of fishes to estrogen or estrogenic chemicals; 3) induction of Vg synthesis by estrogen is dose-dependent within broad limits; 4) Vg appears naturally in maturing females but not in males or immature fish, although vitellogenesis is induced in males and juveniles exposed to estrogen or estrogenic EDCs; 5) the presence of Vg in the blood or Vg transcripts in the liver of male or juvenile fish may be taken to indicate past or current exposure to estrogen or estrogenic EDCs.
Sensitive and specific assays for measuring fish Vg are valuable tools for identifying the presence of environmental estrogens. However, most current methods of evaluating and interpreting the effects of estrogenic EDCs using Vg as a biomarker are based on acceptance of the outdated "single Vg" model of piscine oogenesis, either intentionally or due to a failure to keep pace with current research on vitellogenin multiplicity. Recent cDNA cloning and immunobiochemical investigations have confirmed that the presence of multiple forms of Vg is the norm in most species of fishes examined to date (reviewed by Hiramatsu et al., 2002a; Patiño and Sullivan, 2002; Matsubara et al., 2003; Hiramatsu et al., 2005) . Thus, there is strong potential for misuse of Vg-based assays for assessing the impact of EDCs because the target type of Vg gene or protein and its sensitivity to estrogen induction is usually unknown for the species under investigation and may differ between assay systems and even between laboratories performing assays on the same species.
This brief review will focus on our current understanding of the extent, distribution, and function of multiple teleost Vgs as they relate to potential improvements in the development and interpretation of Vg-based bioassays of fish exposure to EDCs.
Vitellogenin and vitellogenesis
The term "vitellogenin" was first used by Pan et al. (1969) to describe a female-specific protein in the hemolymph of the Cecropia moth. In teleost fishes, Hara and Hirai (1976) discovered an iron-binding female-specific serum protein (FSSP) in chum salmon (Oncorhynchus keta) and rainbow trout (O. mykiss). The trout FSSP was subsequently purified and identified as Vg for the first time in a teleost (Hara and Hirai, 1978) . To date, Vg has been purified, identified, and characterized in scores of fishes by various biochemical and immunological procedures (review: Wallace, 1985; Mommsen and Walsh, 1988; Specker and Sullivan, 1994; Patiño and Sullivan, 2002) . In general, all Vg proteins have the following characteristics: they are 1) female-specific serum or plasma proteins, 2) precursors to yolk proteins, 3) induced by estrogen, 4) lipoglycophosphoproteins with molecular masses ranging from 300kDa to 600kDa and 5) carrier proteins with both a lipid and ionic component (e.g., calcium, zinc, cadmium, iron, etc.).
The general process of teleost vitellogenesis and related oocyte growth is summarized in Figure 1 (modified from Hiramatsu et al., 2005) . Endocrine regulation of the induction of Vg synthesis by the liver has been extensively studied both in vivo and in vitro (reviews: Wallace, 1985; Mommsen and Walsh, 1988; Specker and Sullivan, 1994) .
Briefly, hepatic Vg synthesis naturally ensues from activation of the hypothalamus-pituitary-gonad neuroendocrine axis by environmental and endogenous signals. Data obtained for some teleosts (e.g., salmonids) indicate that increased levels of follicle stimulating hormone (FSH) in the blood induce follicular production of E 2 , which triggers hepatic synthesis of Vg (Specker and Sullivan, 1994) . In other species, ovarian E 2 production may be regulated by luteinizing hormone (LH) (Okuzawa, 2002) .
Other estrogens, such as estrone, may contribute to the induction of vitellogenesis by priming the liver to respond more strongly to endogenous E 2 rhythms (van Bohemen et al., 1982) . Although the liver is recognized as the organ responsible for Vg synthesis in fishes, ovarian connective tissues (Eckelbarger and Davis, 1996) or the oocyte itself (Pipe, 1987) are possible sites for Vg (vitellin) synthesis in some bivalve species.
Following synthesis, Vg is released into the bloodstream, taken up by the growing oocytes, and enzymatically processed into yolk proteins that are stored throughout the ooplasm in yolk granules or globules. Growing fish oocytes, as well as those in the chicken (Shen et al., 1993) and in Xenopus laevis (Opresko and Wiley, 1987) , selectively accumulate Vg via receptor-mediated endocytosis (Stifani et al., 1990) . A membrane receptor on the oocyte surface with a high affinity for Vg, called the Vg receptor (VgR), mediates the endocytotic process. Vitellogenin bound to the VgR is clustered in clathrin-coated pits that invaginate to form coated vesicles. These endocytosed vesicles fuse with lysosomes in the peripheral ooplasm, forming multivesicular bodies. The lysosomes contain the proteolytic enzyme cathepsin D, and possibly other enzymes (such as cathepsin B), that process Vg into its product yolk proteins (Carnevali et al., 1999; Hiramatsu et al., 2002c; Polzonetti-Magni et al., 2004; Romano et al., 2004) .
The yolk of an ovulated egg consists largely of materials that have been deposited in the growing oocyte to be later utilized by the nascent embryo as a source of nutrition and energy to support development. In salmonid species, Vg is a major carrier of egg phospholipids, and the yolk proteins derived from Vg can account for 80-90% of the dry mass of ovulated eggs (Selman and Wallace, 1989; Tyler et al., 1999) . However, in some marine or anadromous fishes that spawn heavily lipidated eggs, Vg is not a major source of the neutral lipids commonly found in the oil droplet of ovulated eggs (Patiño and Sullivan, 2002; Sullivan et al., 2003) .
Relationship between Vg and yolk proteins
Following uptake by growing oocytes, Vg undergoes limited proteolysis in the multivesicular bodies, giving rise to a suite of yolk proteins (Bergink and Wallace, 1974; Christmann et al., 1977; Hara and Hirai, 1978) . In teleosts, these Vg-derived yolk proteins include lipovitellin (Lv), phosvitin (Pv), β'-component (β'-c), and C-terminal peptide (Matsubara et al., 1999 Hiramatsu et al., 2002ab) . The basic primary structure of teleost Vg with respect to these major yolk protein domains is as follows:
NH 2 -LvH-Pv-LvL-β'-c-C-terminal peptide-COOH. Lipovitellin is a heavily lipidated protein carrying as much as 20% lipid by mass. It is the largest Vg-derived yolk product and consists of two polypeptides, a heavy chain (named LvI or LvH) and a light chain (LvII or LvL). The Lv yolk protein appears to serve mainly as a nutritional source of amino acids and lipids needed for embryonic development. Phosvitin consists largely (~50%) of serine residues to which phosphate is covalently linked and to which calcium is ionically bound.
Thus, Pv delivers essential minerals required for skeletal development and metabolic functions in the developing embryo. With regard to embryonic nutrition or physiology, the functions of the β'-c and C-terminal peptide are currently unknown.
Multiplicity of Vitellogenin
Prior to the identification of Vg in teleosts, multiple female-specific serum proteins had been discovered in several species through immunological methods (Plack et al., 1971; Aida et al., 1973; Le Menn, 1979; Hara et al., 1983; Hara et al., 1986 (Sawaguchi et al., 2005) , white perch (Hiramatsu et al., 2002d; Reading et al., unpublished) , and red seabream (Sawaguchi et al., unpublished) . In the medaka (Oryzias latipes), cDNAs encoding two types of "complete" Vg have been cloned (Vg1 and VgII, Genbank: BAB79696 and BAB79591, respectively) and appear to belong to VgA (Vg1) and VgB (VgII) groups, respectively. An additional "incomplete" VgC-like protein was later discovered in ascites fluid from estrogen-treated medaka (Shimizu et al., 2002) , extending the three Vg model to this species, as well. It appears that, in general, members of higher teleost taxa (Paracanthopterygii and Acanthopterygii) express both "complete" types of Vg (VgA and VgB). Moreover, the "incomplete", phosvitin-less, form of Vg seems to be widely present among teleosts, supporting the concept that the protein ancestral to both invertebrate and vertebrate Vg was a phosvitin-less VgC, as previously proposed by Wang et al. (2000) .
It should be noted that some complete teleost Vgs, such as those from relatively primitive fishes including the zebrafish vg1 (Genbank: NM170767), fathead minnow, Pimephales promelas (Genbank: AF130354), and rainbow trout (Genbank: S82450), are difficult to assign unambiguously to either the VgA or VgB group (Hiramatsu et al., 2002d; Sawaguchi et al., 2005) , presumably because they represent a form of Vg that evolved after the acquisition of a Pv domain by vertebrate Vg but before the divergence of distinct A and B types of Vg in teleosts. Vitellogenin multiplicity may extend beyond the major (A-C) groups but the physiological significance of this phenomenon is uncertain. At least seven distinct functional Vg genes appear to exist in zebrafish (Wang et al., 2000) , although differences in the functions or immunological properties of these gene products are unknown. For rainbow trout, Trichet et al. (2000) revealed twenty complete Vg genes and ten pseudogenes per haploid genome, although these genes differed from one another by less than 3% at the nucleotide level and likely produce indistinguishable protein products. Although it is apparent that at least three major types of piscine Vg exist, achievement of a complete and accurate classification of these proteins will require additional sequence information and further analysis of the phylogenetic distribution of the different types of Vg. Verification of the physiological significance of multiple Vgs in teleosts has only just begun, but it is already apparent that the different Vgs have some discreet functions, at least in the few species studied thus far (see Dual Vitellogenin Model, below).
Dual Vitellogenin Model
In various marine or brackish teleosts that spawn pelagic eggs (termed pelagophils by LaFleur and Thomas, 1991; Finn et al., 2002) , an additional proteolysis of Vg-derived yolk proteins occurs during the final maturation of oocytes (FOM). It was suggested that the presence of small peptides and free amino acids (FAAs) generated during FOM-associated proteolysis of the yolk proteins contributes, at least in part, to the acquisition of an osmotic gradient necessary for uptake of water (oocyte hydration), resulting in neutrally buoyant eggs (reviews: Patiño and Sullivan, 2002; Hiramatsu et al., 2002a; Matsubara et al., 2003; Romano et al., 2004) . The dual Vg system of the barfin flounder is currently the best known example of specific physiological mechanisms underlying this phenomenon.
Prior to confirming the dual Vg model in this species, Matsubara and Koya (1997) obtained ovarian biopsies from female barfin flounder and monitored the course of proteolysis of Vg-derived yolk proteins in follicles undergoing FOM through ovulation ( VgA and VgB are, however, differentially incorporated into oocytes at a ratio of 2 to 3.
During oocyte maturation, most of the VgA-derived yolk proteins (a total of ~87% of the entire VgA polypeptide) are cleaved into FAAs, but the heavy chain of Lv derived from VgB (LvHB) remains largely intact (only ~33% of the entire VgB polypeptide is degraded into FAAs). Therefore, the ratio of VgA and VgB accumulated in the oocyte during vitellogenesis regulates the yield of FAAs during FOM, in turn generating a specific osmotic gradient that drives oocyte hydration necessary for the accurate regulation of egg buoyancy in this species. Furthermore, the large FAA pool generated during FOM is utilized as diffusible nutrients by embryos at early developmental stages, while the remaining LvHB peptide becomes a major nutrient source for late stage embryos (Matsubara et al., 1999) . A similar dual Vg system also has been observed in the haddock (Reith et al., 2001 ) and walleye pollock, Theragra chalcogramma (Matsubara, unpublished) , indicating that this system may be common in marine pelagophils.
Molecular alteration of VgC during FOM has not been verified in any teleosts to date.
Based on our unpublished findings in red seabream (Sawaguchi et al., unpublished) and white perch (Hiramatsu and Sullivan, unpublished), VgC does not seem to contribute to the FOM-associated production of FAAs, as it remains largely intact like the LvHB peptide.
Enzymes involved in proteolysis of Vg-derived yolk proteins
As noted above, once Vg enters the oocyte it undergoes an initial limited proteolytic processing by cathepsins in the multivesicular bodies (primarily cathepsin D, an aspartic protease). The resulting yolk proteins are stored in yolk globules or granules. The second cleavage of Vg-derived yolk proteins occurs in oocytes of marine teleosts during FOM as described in the previous section, but this process is not typical of fish that spawn demersal eggs (termed benthophils). The second proteolysis is possibly mediated by several physiological events, including acidification of yolk and activation of lysosomal enzymes (reviews: Hiramatsu et al., 2002a; Matsubara et al., 2003; Polzonetti-Magni et al., 2004; Romano et al., 2004) . The enzymes responsible for FOM-associated proteolysis have been identified in only a few species. Cathepsin L (a cysteine protease) seems to be involved in the FOM-associated proteolysis in seabream,
Sparus aurata (Carnevali et al., 1999) , while a cathepsin B-like protease, another lysosomal cysteine protease, is likely involved in this process in barfin flounder . In barfin flounder, the pH of follicle extracts (cytoplasmic pH) decreases as FOM proceeds, but returns to its original baseline level (measured in post-vitellogenic oocytes) by the end of FOM, suggesting that inactive enzymes are already co-localized with the yolk proteins and that acute acidification of the yolk during FOM activates these "silent" enzymes to initiate yolk protein processing (Fagotto, 1995) . 
Detection and Quantification Methodologies for Fish Vitellogenin
Because changes in circulating levels of Vg reflect gonadal development, Vg has served as an ideal marker for detecting the onset of puberty and progression of maturation in female fishes in laboratory studies and in aquaculture and fisheries research (reviews: Specker and Sullivan, 1994; Patiño and Sullivan, 2002; Polzonetti-Magni et al., 2004) .
As noted earlier, development of critical assay systems for evaluating the impacts of EDCs is currently a high priority in the field of environmental toxicology. Thus far, Vg induction in male fish is the most widely used bioassay for detection and evaluation of animal exposure to estrogenic EDCs in aquatic environments.
Several methods have been used to detect and quantify Vg protein(s) present in the circulation or produced by cultured liver tissue. These methods include indirect estimation of Vg concentration by measuring protein-bound calcium and phosphorus (Emmersen and Petersen, 1976; Nath and Sundararaj, 1981) , direct detection by single radial immnodiffusion (SRID), immunoelectrophoresis (Hara and Hirai, 1978; Maitre et al., 1985) , radioimmunoassay (Idler et al., 1979; Campbell and Idler, 1980) , enzyme-linked immunosorbent assay (ELISA) (Nunez Rodriguez et al., 1989; Kwon et al., 1990; Specker and Anderson, 1994; Heppell et al., 1999; Heppell and Sullivan, 1999; Parks et al., 1999) , immunochromatography (Hara et al., unpublished; Hiramatsu et al., 2005) , and chemiluminescent immunoassay (CLIA) (Fukada et al., 2001) . In addition to the immunoassays, another advanced quantification method which has recently been introduced is an integrative technique combining liquid chromatography and tandem mass spectrometry. This technology already has been adapted for detecting plasma Vg in the fathead minnow (Zhang et al., 2004) . 
Interpretation of Vitellogenin Presence
Early surveys using Vg as biomarker to assess the estrogenic potency of river water were conducted in the UK (Purdom et al., 1994) and subsequently in the USA (Folmer et al., 1996) . In Japan, evidence of Vg in the serum of wild male fish was first confirmed in carp (Cyprinus carpio) captured from the Tama River in Tokyo during a preliminary field survey conducted from July 1997 to June 1998 (Hara, unpublished) . In this survey, Vg was present in the serum of over 95% of the males tested. Among males testing positive for serum Vg, the maximum Vg level exceeded 12 mg per ml serum and nearly 50% of the positive population showed serum Vg levels over 10 μg per ml (Fig. 4) .
Histological observations revealed apparent gonadal abnormalities in a portion of these individuals (atrophied testes and the formation of ovotestes), although the relationship between serum Vg and gonadal abnormality was not evaluated. The cause of vitellogenesis in the male carp was later determined to be natural estrogens, estrone and E 2 contamination from the effluent of a sewage treatment plant (Nakada et al., 2004) .
Hashimoto et al. (2000) In field surveys where wild male fish are used as sentinels to detect the presence of estrogenic EDCs, it is important to acquire a detailed knowledge of both the reproductive physiology of the target species and the environment in which the organism is found.
Such background information aids in the synthesis of reasonable conclusions about the cause(s) of Vg induction. For example, the appearance of low levels of Vg in the serum of naturally maturing males, males fed with diet containing phytoestrogens, and males exposed to estradiol excreted by females living in close proximity has been observed in a variety of species (review: Hiramatsu et al., 2005) . As a practical example, we determined a threshold for normal baseline levels of Vg to be 10 μg Vg per ml in the serum of wild male salmonids based on annual changes in Vg levels in cultured, reproductively normal male fish (Fukada et al., 2001; Haga et al., 2001) . Since the threshold level varies between species, investigators should confirm typical baseline levels of Vg for each target species prior to any attempt at interpreting the presence of Vg in male wild fish. A synopsis of baseline Vg levels for control (normal) male or immature fish of several species determined in our preliminary studies is shown in Figure   5 . Figure 6 . Expression of Vg mRNA was easily detected by RT-PCR by 12 hrs post injection (PI), whereas Vg protein reached detectable levels by ELISA (~10 ng per ml) only 24 hr PI. On the other hand, elevated circulating Vg levels following induction by a single injection of E 2 at a dose of 100 μg per kg body weight were confirmed from 2 to 10 weeks PI, while Vg mRNA was detectable from 2 to 8 weeks PI (Fig. 7) . As mentioned earlier, multiplicity of Vg is now evident in various teleost fishes including some of the "preferred" model species used to evaluate estrogenic EDCs.
However, Vg induction by EDCs has usually been evaluated by assays based on the "single" Vg model, which is no longer applicable. As more information becomes available, we expect the extent of Vg multiplicity to include other model species as well, even those with only one currently characterized Vg. In the future, it will be important to clearly demonstrate the validity of the Vg assay systems employed in such studies with regard to Vg-type specificity (see Detection and Quantification Methodologies for Fish Vitellogenin, above). Regarding the interpretation of Vg presence in male or juvenile fishes, a large number of findings and conclusions have been and will continue to be provided for "preferred" species. However, will these findings be critically comparable to one another if investigators utilize different assay systems based on uncharacterized type(s) of Vg?
Basic knowledge of the estrogen-inducibility of each type of Vg is limited to only a few teleosts, although such information is necessary to interpret the results of field surveys of EDCs or to conduct companion laboratory studies in a unified and standardized manner. Recently, we purified the two distinct Vg proteins from the ascites fluid of estrogen-treated medaka and established specific CLIAs for each Vg using Vg type-specific antibodies (Shimizu et al., 2002; Inoue et al., unpublished) . As shown in Figure 8 , induction levels of Vg1 (a "complete" Vg) and Vg2 (VgC) vary under various photothermal conditions. In this study, male medaka were exposed to E 2 (10 μg E 2 per liter aquarium water) for 24 hr under a photoperiod of 0hr light and 24 hr dark (0L:24D) at either 4ºC, 15ºC, or room temperature (~24ºC; RT). Fish held at 4ºC produced Vg2 but not Vg1, while both Vgs were induced in fish exposed at 15ºC and RT. There was no significant difference between the induction levels of Vg1 and Vg2 in the fish exposed at 15ºC, whereas Vg1 appeared to be more abundant in fish exposed at RT. When fish were exposed to the same concentrations of E 2 under various photoperiods (0L:24D, 16L:8D, and 24L:0D) at RT for 24 hr, induced Vg1 levels were significantly higher than Vg2 levels in all photoperiod groups. Interestingly, induced Vg levels tended to increase with day length, especially in the case of Vg1 induction. Circulating Vg levels in individuals from all control (non-exposed) groups (n=29) were non-detectable with the exception of one individual that exhibited a barely detectable level of Vg (0.7 μg per ml).
These results suggest that the disparate induction of each type of medaka Vg by estrogen may be regulated by both rearing temperature and photoperiod; temperature may influence the ratio of production of Vg1 versus Vg2, whereas prolonged day-length enhances the synthesis of both Vgs at RT, and remarkably so in the case of Vg1.
Ohkubo et al. (2003) purified two Vgs with intact molecular masses of ~530 kDa (Vg-530; VgA) and ~320 kDa (Vg-320; VgC) from the serum of estrogen-induced Japanese common goby (Acanthogobius flavimanus). Further, Vg-type specific ELISAs were developed for this species and serum levels of Vg-530 and Vg-320 were measured after immersion of male goby in water containing different concentrations of E 2 (1-1000 ng per liter aquarium water) for a duration of three weeks. Levels of both Vgs increased in a dose-dependent manner along with E 2 levels in the water. However, the goby Vg-320 was much less responsive to induction by E 2 than the Vg-530 in terms of the maximum levels attained, as was the case for the dual Vgs in medaka and tilapia (Oreochromis mossambicus) (Takemura and Kim, 2001) . Induction ratios between Vg-530 and Vg-320 also varied with the reproductive status of female goby. Both types of Vg were found at fairly equal but low levels (~ 1 μg per ml serum or less) in the plasma of wild female goby during the non-reproductive season; however, Vg-530 appeared to be dominant in the serum of vitellogenic females (Ohkubo et al., 2003) .
These findings suggest that VgC may be a poor biomarker for EDCs based on its sensitivity to estrogen induction in the above species, although it is currently unknown whether VgC always appears at low levels in the circulation of other species.
Differences between VgA and VgB with regard to their inducibility by estrogen are currently unknown.
The relationship between the presence or levels of Vg in male or immature fish and the ensuing reproductive fitness of these animals is a major question for evaluation of the potential biological impacts of EDCs in fishes. How does the abnormal presence or high level of Vg in male or immature fish relate to reproductive health or fitness? A general answer to this question is difficult to provide; however, a tentative response was given in our previous review (Hiramatsu et al., 2005) . Briefly, in adult fish, activational responses (i.e., temporary changes) such as the production of Vg are more sensitive to estrogenic EDCs or estrogens than are organizational responses such as those involving structural changes to the gonad that result in impaired fertility or fecundity. Within broad limits, the activational and organizational responses of juveniles to estrogenic EDCs appear to be equally sensitive. An exception to this, however, is that Vg production was not always affected by EDC exposures that cause some organizational responses (e.g., disruption of sex differentiation and fertility) in a few cases of juvenile or trans-generational exposure of animals to EDCs. Accordingly, it can be concluded that elevated Vg levels in wild male fish should be considered a warning that juveniles undergoing sex differentiation under the same conditions may experience some reproductive impairment. Threshold levels of circulating Vg normally found in cultured male fish or in wild males caught from non-polluted control areas. The occurrence of Vg at levels higher than the threshold line (vertical arrow) in adult male fish may be taken as a "warning" that the target species has been exposed to estrogenic contaminants in the aquatic environment. Initial screening for abnormally elevated circulating Vg levels can be conducted by simple immunoassays, such as single radial immunodiffusion (SRID) and immunochromatography in species with high threshold Vg levels (e.g., carp, dace, salmonids, and mullet), while enzyme-linked immunosorbent assay (ELISA) or chemiluminescent immunoassay (CLIA) may be required to survey species with low threshold Vg levels (e.g., kisu, flounder, and goby). 
